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PAGE NC. INS TRUC TIONS 

a In heading, 6th line, delete "Lake Simcoe District". 

i; No. 1, (b), 5th line, after 'white"' insert "pine, basswood, white 

elm, white". 

2 No. 1, (d), lst paragraph, 3rd line, after "rather" insert "than". 

2 No. 1, (e), 2nd paragraph, lst line, delete "the", insert "its". 

4 No. 3, (a), 4th line, delete "growth", insert "grown". 

be) No. 3, (d), last line, after "moist" insert "forest". 

6 No. 3, (d), 2nd paragraph, 13th line, delete "shade", insert 
"shaded", 

10 No. 5, (a), 4th paragraph, last line, delete "germinating", 

insert "germination". 

13 No. 6, (b), lst line on page, not a new paragraph. 

14 No. 7, (a), lst paragraph, 7th line, after "grow" insert "to". 

14 In footnotes, lst line, delete "from", insert "form of". 

36 No. 3, (b), 2nd paragraph, 14th line, delete "DBH", insert "dbh". 

44 No. 3, (a), 2nd paragraph, Ist line, delete first "The", insert 

"With". 

44 No. 3, (a), 2nd paragraph, 4th line, before "large" insert "last". 

a5 No. 4, (e), 2nd paragraph, last line, delete "that", insert "than". 

58 No. 6, lst paragraph, 5th line, delete "is", insert "are". 

58 No. 6, 2nd paragraph, 5th line, after "area" delete ",". 

39 No, 6, 4th paragraph on page, 3rd line, delete "patch", insert 
mpath 
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FASTERN HEMLOCK (Isuga canadensis): 
A REVIEW oF THE LITERATURE 

1970 

by 

A.P. MATIECE, Deer Ranse Forester 
Lake Simcoe District 

L. FOREST GEOGRAPHY 

(a) Range 

Hemlock occurs in southern Canada, the northeast 
U.S.A., the Lake States, and throughout the Appalachian Mountains 
toe Georgia. In the northern part of its range it is found at 
altitudes from sea level to 2,500 feets in the south it is not 
usually found below GOO feet (48). 

In Canada, hemlock is found throughout the Mari 
ime Provinces, in soutinestern Quebec, and in southern ee 

s £ar west as Lake Sunerior (4). 

a 
te 

a 

(b) Forest Associations 

Hemlock is a constant element in the forest of the 
northern hardwood region, occurring mixed with hardwoods, particu- 
larly sugar maple, beech and yellow birch. It is also found in 
pure patches of various size. In the northern part of its range 
hemlock may be found with sugar maple, beech, yellow birch, white 
ash, red spruce, balsam fir, red manle and red oak. In the south 
it is usually found with shagbark hickory, tuliptree, basswood, 
and various oaks (5, 40, 79). 

(c) Climate 

The climate woich favours hemlock and determines its 
commercial range is predominately humid and cool (53, 93). ix- 
aminations of pollen grains in bogs in the southern U.S. indicates 
that hemlock was once found considerably farther south and west 
of its present range (15, 92). After the last period of glaciation, 
about 11,000 or 12,000 years ago, a series of major climatic 
changes brought about corresponding changes in forest vegetation. 
After the ice receded a cold climate featured fir-spruce forests 
which was followed by a cool dry period that favoured pines as 
the major species. This was followed »y a cool, moist climate 
favouring hemlock and hardwoods, and a warm dry period featuring 
oak-hickory forests (12, 91, 92). In Canada 

7 
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the warm, dry oak-hickory period did not occur. 

(d) Physiography 

Within its commercial tange hemlock grows on a 
wide range of soil conditions. It is more abtwmdant and thrives 

better under cool and moist, rather dvy conditions (34, 48, 52, 
97). Near the edge of its range its tolerance of soil and site 
conditions becomes more critical (37, 33, 53, 57). 

In the New England states Merril and Hawley (76) 

claim that stand history (cutting, fire), more than the soil is 
likely to exert an influence on the presence or absence of 
hemlock. It is wlikely that the situation in southern Ontario 
differs in this respect. 

(e) Successional Trends 

Throughout its commercial range hemlock is accepted 
as being a climax species, either by itself or in association with 
beech or sugar maple. After a major disturbance the forest consists 
first of pioneer species such as pincnerry, aspen, white birch, 
then pre-climax species such as white vine, red maple, red oak, 
red spruce, and finally the climax species of hemlock, beech and 

sugar maple (20, 65, 77, 97, 106). 

Hemlocit comes in under hardwoods and because of the 
high tolerance to shade and its longevity and size, it can endure 
and gradually penetrate the canopy and become the dominant species. 
IL£ a hemlock understory is present and the overhead canopy is 
disturbed by cutting, windstorm, or disease, the young hemlock will 
become dominant and the successional trend will be speeded up. In 

New England, Pearson (57) reports that hemlock spreads by seecinz in 
under hardwoods adiacent to existing hemlock stands and develons in 
a concentric fashion around a central core of older trees. Martin 
(72) indicates that in undisturbed conditions in Algonquin Park, 
hemlock is slowly spreading throughovt the hardwood forest. Bard (9) 
concludes that if no fires or other major disturbances were to 
take place, hemlock would continue as the dominant species since 
it is self-perpetuatins. At the edges of its range hemlock is not 
the climax species. for example, in Quebec where the boreal forest 
meets the Great Lakes - St. Lawrence forest, Dansereau (25) revorts 
that hemlock is sub-climax to the deciduous forest. 

N 
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i, ECONOMICS 

(a) Markets 

Hemlock bark contains between 10 and 13% tannin 
and in the past was an important source of tanning material. 
Between 1850 and 1900 huge quantities of hemlock were cut for 
bark to supply numerous tanneries both in Canada and the U.S. 
Tanbark production figures from 1871 to 1901 as found in The 
Canada Year Book 1905 (1) show an increase, a leveling off 
and a decrease as the industry passed through its most active 
phase (Table 1). 

TABLE 1 
TANBARK PRODUCTION IN CORDS” 

YEAR GANADA GILARIO 
1671 L6Z,521 
LE3 £00 5418 
1891 S297 97 TOs Ll 
LIOL 100,712 52,942 

Simcoe County was the main producer of tanbark 
in southern Ontario, producing as much as nine adjacent counties 
(6). In the U.S. tanbazk production dropped from 1,170,131 
Geeeo in 1900"to 799,755"cords in 1905 and to 698,365 cords in 
1909 (40). Pennsylvania was the larsest vroducer with Wisconsin, 
Michigan, New York and ‘jest Virginia following in respective 
order, The value of hemlock Lumber curing this period was so 
low that very rarely was any part of the tree other than the 
bark used. 

More recently the market for hemlock lumber and 
pulpwood has improved. The wood is inclined to be somewhat 
Splintery and cross-grained, and is used more for rough con- 
struction work than in a dressed condition. Typical uses are 
for structural timbers, bridge planks, railway ties (treated), 
boxes and crates, general construction and for pulp (74). 

* Sales of Hemlock bark, though nominally by the cord were actually 
by the ton, and in most cases the coxd must weigh 2,240 lb. One 
cord of dry, curled up bark might measure 4' x 4' x 12' instead 
of 4' x 4' x 8', the standard cord size. (40) 

3 
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(b) Other Uses 

Hemlock rates high in aesthetic value. It 
is highly favoured as an ornamental, particularly in U.S.A. 
and Europe (90). it is able to withstand the impacts of 
recreational use (camping and picnicing) better than most 
species as gauged by susceptability to disease, insect in- 
fection and decline in vigour (88). It makes an excellent 
hedge and is sometimes used for Christmas trees. [It is an 
important species: in deer range, particularly in late 
winter providing both food and cover for wildlife (50, 53). 
The needles of hemlock tops felled in logging are eaten by 
deer. Measurements by Stoeckeler et al (104) in the northern 
hardwood-hemlock forest type show that hemlock will produce 
117 pounds of fresh browse per square foot of basal area, 
as compared with 13 pounds for hardwoods. Browse production 
per M FBM (gross) of sawlogs cut is 1,507 pounds for hemlock 
as compared with 121 vounds for hardwoods. 

3. SILVICS 

(a) Morphology 

Hemlock is a long lived, mediwm sized tree reaching 
a height of 60-70 feet, and a diameter of 2 - 3 feet. The record 
for age is 988 years for d.b.h. --- 84 inches, and for total height 
--- 160 feet (2). Gnen growth trees develov dense pyramidal 
crowns with the lower branches touchins the groud. The terminal 
shoot is flexible and tends to curve away *rom the direction of 
the prevailing wind. Self pruning is very poor. Dead branches 
remain on the tree zor many years (4°). 

(b) Flowering and Fruiting 

The fruiting stage besins when the tree is between 
20 and 50 years old and 15 to 25 feet high and continues wuntil the 
tree is over 400 years old. Suppressed trees under dense canovy 
do not fruit regardless of age (3, 17, 53). 

Separate male and ‘female ‘lowers are found on the 
Same tree and apnear in May or early June. Staminate flowers anvear 
before pistillate flowevs (90). Pollination is by wind and maxi- 
mum pollen receptivity takes place about a week before the Lower 
bua scales of the conelet turn back (51). After the pollen reaches 
the female flower a period of about six weeks elapses before 
fertilization takes place (81, 85). Cones mature by September or 
October but are still sreen, wet and oily. The colour of the cone 
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changes from green to tan to brown and it then begins to open. 
Hough (53) reports that only the central vart of the cone 
bears seed, 

(c) Seed Production and Dissemination 

Hemlock is well kmown as a prolific seeder, 
producing abumdant seed at 2 - 3 year intervals with Light 

exons in intervening years. Seed dissemination takes place in 

fall and winter. ‘The hygroscopic cone scales open when dry, 
close when wet (2, 17, 19) and most o£ the seed is shed during 
the first few periods of dry windy weather. This favours wide 
seed dispersal. Olson et al (84), working in Connecticut, 
State that much of the wintershed seed is sterile. 

In sood seed years huse quantities of hemlock seed 
are produced. Lutz and Cline (66) in the Harvard Forest, 
calculated that 11,/00,000 sound seeds ver acre were produced, 
while Davis and Hart (29) at the Northeastern Forest Experiment 
Station, calculated that 13 1/2 million sound seeds per acre 

were produced, This is considerably more than needed to ad- 
equately seed the area. Hemlock seeds are relatively small, 
about 200,000 seeds ner pound (3, 48, 53). The cones persist on 

the tree, after seed dispersal, wmtil the following year. 

(d) Germination, Seedling Development, Mortality 

Stratification (cold, moist storage) is probably 
the most important ‘actor affecting cermination. Olson et al. (54) 
and Heit and Eliason (4:9) say that new seed is incapable of 
Yapid germination in the fall when it is shed. Without stratifi- 
cation average germination is about 20 - 30%. Baldwin (7) fownd 
that germination increased from 7 to 45% with 30 - day stratifica- 
tion and from 32 to 59% with 45 - day stratification. Further 
tests by Baldwin (S) confirmed this, showing stratification at 
39° to 50° F for 1 - 2 months averaged twice as high germination 
axter 30 days, three times after 60 days and nearly four times 
axter 90 days than untreated seed. Under natural conditions, cold 
moist stratification takes place during the winter and the seed is 
ready for quick geimination in the sprins. Moist soil conditions 
are necessary for ranid development of a root system and initial 
survival of the newly germinated seedlings. If, due to lack of 
stratification, incomplete stratification, or other causes, 
germination is delayed until late in springs, the probability of 
survival is greatly reduced (84). Many of the newly germinated 
seedlings will die during the summer when the soil becomes drier. 
A wet summer resulting in a moist floor will ensure good survival 

5 
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of hemlock seedlings. On the other hand, dry summers will 
result in complete mortality of hemlock seedlings. Friesner 
and' Potzger (39) in Indiana say that mortality of hemlock 
seedlings is greatest in the first year and tapers off gradually 
from there. Each added year of age, other things being equal, 
gives the hemlock seedlings a better chance of survival. Davis 
and Hart (29) at the Northeastern Forest Exneriment Station 
found that under normal circumstances, about 3% of the original 
serminants will still be living after four years. 

Shade plays an important part in the initial 
survival and early development of hemlock. Establishment is better 
in the shade than in full sun because of the drying effect of the 
sum. Also, full sunlight can cause dark coloured seedbeds to 
reach temperatures as high as 165° F, Lethal to young seedlings 
(53). Because Hemlock is a shade tolerant tree it can survive 
and grow in the shade oo: o=her trees for Long periods of time. 
Grasovsky (46) reports that if root commetition were not present, 
hemlock could survive under light conditions considerably lower 
than that found in natural forest conditions. In New England, 
Lutz (65) found hemlock regeneration was abundant in small open- 
ings where partial or full shade is nrovided during the hottest 
part of the day. (nly the south side of the strip (the shade 
side) had hemlock regeneration on cut strins. Martin (72) says 
that hemlock in Algonquin Park will resenerate where mineral 
soil is not covered with a deep layer o% litter. 

Korolef® (59) after consulting with a number of 
foresters, both from Canada and the U.S., concludes that hard- 
wood leaf litter is detrimental to natwral regeneration of hemlock, 
Seeds may fail to germinate or germinate but fail on top of, 
between or under fallen leaves. Small seedlings may be damaged 
by mechanical action o% Leaves (blown by wind), or small seed - 
lings may be killed by leaves which pile on top of them. A 
Single leaf falling on top of a cotyledon is sufficient to kill 
it. Mortality from leaves is particularly bad in furrows where 
leaves tend to collect and up to 100% of first year seedlings 
may be smothered by heavy leaf fall. Other studies by Davis and 
Hart (29) and by Hough (51) confirm that hardwood leaf litter is 
an important cause o* mortality of first year seedlings. 

(e) Provenance 

Observations by Nienstaldt, Olson, and others (20, 
G2, 83, 84, 85) in the New England States and the Lake States in- 
dicate that seedlings grown from southern seed source will grow 
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for a longer period ox time than will those from northern seed 
sources. This results jin more growth ver season for the south- 
ern seeds. However, the southern seedlings do not harden off 
soon enough in the fall and are susceptible to frost damage. 
Similarly, mountain types tend to go dormant earlier than nearby 
lowland types. Because of this, seed should come from areas with 
a climate like that vrevailing where the trees are to be grown. 

(£) Vegetative Reproduction 

Hemlocl: does not sprout naturally but may be 
propagated by cuttings. Doran (30) reports that rooting is im- 
proved by treatment with root-inducing substances (indolebutyric 

acid, Hormondin No. 3). Rooting of one year old twigs is better 
than two year old or three year old twigs. These techniques are 
suitable for horticultural purposes but are not practical in 

forestry. 
A form of vegetative reproduction has been ob- 

served in cut-over areas in northern New Jersey (27, 28). Hen- 
lock stumps were putting on annual rinss even though no leat or 
branch growth was present. In these instances a root graft to 

an adjacent living hemlock tree was found to be responsible. 

(g) Rooting Habits 

The root system of hemlock is generally shallow 
and spreading. This results in it being susceptible to damage by 
suriace fires, exnosure, and drying out of the upper layers of 
the soil. This tyne of root system, however, allows the tree to 
grow on shallow, rocky soil where deen rooted species could not 
become established. 

(h) Growth Characteristics 

The growth rate of hemlock in its natural condition 
is ordinarily slow. for example, Morey (75) sampled seedlings and 
advance growth under natural conditions in northwestern Pennsylvania 
and found the followins: 

Height (feet) age 

1 1k) 
2 20 
3 23 
ray 28) 

With enough Light srowth can be ranid however. Vigorous seedlings 
© 

= 

and saplings in light to medium shade may srow 5 - 12 inches in 
7 
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height per year, and in full sum with ample soil moisture, the 
erowth may be 18 inches or more (2). Height growth begins early 
in the spring (coincident with the start of needle growth) but 
the rate is less than for cther species. However, the growth 
continues for a long period of time (35 to 95 days in New York 
and Massachusetts) and thus outgrow many other species (21, 61, 
62). Kozlowski (60, 61) says that height srowth is closely 
related to moisture conditions in the year preceding as a result 
of the shoots being mornhologically determined in the buds laid 
down that year. 

Diameters erowth initiation in early spring may be 

confused with rehydration of stem tissues. Considerable shrinking 
and swelling in diameter takes place with changes in moisture, In 
midwinter hemlock will decrease in diameter about 50% of the radial 
jncerease from summer crowth (60, 61, 107, 105). 

Diameter increment of hemlock begins in the spring 
earlier than for associated hardwoods. In the Chalk River, (ntario 
area, diameter increment begins about the middle of May and by the 
first week in August is practically completed (10). Diameter in- 
erement begins earlier, increases more sanidly, and lasts lonser 
for hemlock than for hardwoods. Fraser (35) reports that the actual 
time of commencement o* radial growth is controlled by the late. 
winter and early spring temperatures. Lack of moisture in mid- 
summer will slow down or stop cambial crowth. Measurements in 
Wisconsin by Winget and Kozlowski (102) indicate that suppressed 
trees are more sensitive to changes in environment than are dominant 

trees, 
Because individual trees mav have been suppressed 

for periods of time up to 200 years, any correlation between diameter 
and age is unreliable. Gates and Nichols (41) state that most 
mature hemlock stands have a good representation of trees of all 

2 

azes and so these hemlock stands could be considered all aged. 

4. ECOLOGY 

(a) Local Climate 

Hemlock prefers cool, moist conditions. It is 
usually more abundant on cool north e:mosuzes, steep banks of 
Yiver gorges, sides o< cool ravines, swam borders, and through- 
out upland forests of white pine and hardwoods where drought 
conditions are not present. Hemlock in pure stands produces ar 
extremely dense canovy. As a result, the microclimate beneath 
hemlock differs from the regional or open-station climate and 
“rom that of adjacent nardwood stands, especially during the 
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erowing season. Measurements have shown that this microclimate 
is cooler and there is less evaporation during the growing 

season (53). 

(b) Light 

Light intensity under pure hemlock stands is 
reduced to 5 - 6% of open light intensity. Hemlock seedlings 
are able to survive these conditions if soil moisture and 
nutrients are sufficient. (Refer to 3 (d) this report) 
In natural stands advance-growth hemlock often undergoes 
periods of suppression ranging from 25 to over 200 years 
(53). Under pure hemlock stands the ground cover is usually 
formed exclusively of raw humus plants. Shrub vegetation and 
seedlings of other species are usually absent. 

(c) Moisture 

Lyon (67) in New Hampshire and Marshall (70) in 
Massachusetts report that a definite correlation between rainiail 
and diameter increment for hemlock exists, particularly for hen- 
lock which is growing on dry sites. Hemlock which grows on very 
moist sites does not show this relationship. Diameter growth of 
trees growing in moist conditions is sreater than growth of trees 
srowing on dry ridge conditions. In New England, Burns (14) 
sound that an increase in soil moisture results in an increase 
o£ tolerance to shade and Bard (9) stated that higher moisture 
(both atmosphere and soil moisture) “Savours the establishment of 
hemlock regeneration. Drinkwater (32) found that light rains have 
little effect on soil because much of the moisture is intercepted 
by the dense canopy and evaporates betore reaching the ground. 

ta), Soil 

Hemlock stands produce a dry, acid litter which 
decomposes very slowly (12, 32, 89). The pH of the upper soil 
layers seldom exceeds 5.0 and is more commonly between 3.5 and 
4.5 (12, 52, 53). This high acidity fosters podzalization 
(leaching) of the upper soil layers. Even though the subsoil under 
a hemlock stand and am adjoining hardwood stand may be similar, the 
surface soil under the nemlock will be more acid. Laboratory 
experiments using seedlings in biotite showed that the pH changed 
from 5.4 to 4.2 during the growth period of hemlock seedlings (98). 

Because of dry loose litter under hemlock stands 
the soil temperature fluctuates more readily with changes in air 
temperature than undex iardwood stands where the leat layer acts 

S) 
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as an insulation (26, 36). 

Due to the dense shade, dry, acid litter, and 
shallow rooting creating severe root competition in the upper 
soil layers, a young, fully-stocked stand of hemlock may exéiude 
any further reproduction of hemlock or any other wood or non- 
woody vegetation for long periods (5, 55). 

Je ARTIFICIAL REPRODUCTION 

(a) Seed Collection, Extraction, Storage and Testing 

Good seed years occur at 2 - 3 year intervals and 
yields tend to be poor the first season after a good year. Cones 

are most readily collected from the tons of trees felled in 
normal cutting operations. There is a variation in time between 
individual trees when cones change from green to tan, If cones 
are picked green and dried quickly, they may turn pink or 
purple rather than tan and fail to open tmless subjected to 

repeated cycles of re-wetting and drying at 100°F. 

Cones collected just as they are turning brown will 
open readily in the sun or in a dry room. They should be spread 
out for a week or two and stirred occasionally so they will dry 
quickly and not become contaminated by moulds. Green cones are 
not only hard to open but are more s1>3%ect to moulds. 

Seed can be stored for 2 - 4 years in jars or 
plastic bags a few degrees above freezing, but should be tested 
periodically, as considerable variation in retention of viability 
eccurs, Storage at temperatures below freezing has also been 
used successfully. 

Seeds may be tested by cutting open with a razor 
blade or finger nail to provide an estimate of the percentage o£ 
filled, firm oily seeds with embryos. ‘The vercentage germination 
will usually be less than this test indicates. If a more accu- 
rate estimate is required, an actual germination test must be 
carried out. Germination of hemlock is influenced by the inter- 

action of photoperiod and tempneratures, and optimum conditions 
following stratification are 8 to 12 ce of light alternating 
with 16 to 12 hours of total darlmess, with corresponding alter- 
nating temperatures of about 70° and 350 E respectively. 
Continuous temperatures in the upper 70's are definitely wm- 

¢ favourable for hemlocl: germinating (04, 55). 
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(b) Planting 

Usually 5 year seedlings (3-0 stock) or 3 year 
transplants (2-1 stock) are sufficiently well rooted and of 
suitable size for out-planting. Poor survival of hemlock when 
planted in the open is usually due to a lack of favourable 
soil moisture conditions, Planting tests carried out at the 
Northeastern Forest Exneriment Station have showm that hemlock 
will have good survival and growth rate if planted in orchard 
type (mixed bush and openings) or wunderplanted in a pole timber 
stand (58). In the latter situation a thinning of the overstory 
will be necessary to release the hemlock. 

If seedlings are required for planting in the 
spring earlier than the nursery is able to supply them, they 
may be lifted from the nursery beds in the fall and stored over- 
winter near the planting site. Tests by the Research Division, 
Ontario Department o* Lands and Forests have shown that ordinary 
storage at 32°F or slightly less with a constant and high 
relative humidity will enable the planting stock to be success- 
fully carried over winter either loose or in crates. No elaborate 
mechanism is needed and a simple insulated building is adequate 
for storage (63). 

(c) Direct Seeding 

Seed should come from aveas with a climate like 
that vrevailing where the trees are to be grown. If seed is 
purchased, its age and source have a bearing on germination and 
development (see 3 (ec) and 5 (a) this renvort). If seeding is 
done in the spring, the seed must be stratified. Seed sown in 
the fall will be naturally stratified and ready for quick germ- 
ination in the spring. However, there may be overwinter losses 
to rodents, birds, “wei or other causes. Tests by Jordan and 
sharp (58) in Pennsylvania, suggest that seeding in the oven or 
uder a closed canopy will vrobably tive oor results; seeding 
in orchard types (mixed bush and openings will likely give 
Detter results. In all cases a suitable seed bed as indicated 
in section 6 (a) of this report is required. 
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6. NATURAL REPRODUCTICN 

(a) Seedbed 

Dry litter seedbeds aze wu favourable for germina- 
tion of hemlock. Maissurow (69) contenas that fire is necessary 
for the natural regeneration of hemlock but this is questioned 
by Graham (42) and others (see 1 (e) and 7 (h) this report). 
Favourable seedbeds consist of moist, well decomposed litter, 
rotted stumps and Logs, mineral soil, moss, or even moss- 
covered boulders. After germination, continuing moist 
conditions are necessary for survival. Hough (51) in Pennsylvania 
and Olson et al (85) in Connecticut report that naturally shaded 
seedbeds are usually sufficiently moist in early spring for 
initial survival but summer drought may eliminate many of the 
seedlings. Mineral soil, although an excellent seedbed for 
sermination, subjects the young seedlincs to washing-out or 
mudding-under in heavy rains and to *rost heaving. In addi- 
tion, exposure to direct sunlight and the resultant high 
temmeratures can kill the young seedlinss either directly or 
through drying out the unver Layer of soil. Germination of 
hemlock on mineral soil can be very bigh. Davis and Hart (29) 
report up to 3.8 miliion seedlings ver acre, so even though 
mortality might be high, sufficient numbers may remain. Mineral 
soil seedbeds still remain receptive to hemlock four years 
after being exvosed. 

A seedbed consisting of a mat of hardwood leat 
litter is unfavourable for the establishment of hemlock regenera- 
tion. (see 3 (d) this report) Removing hardwood trees to reduce 
the quantity of leaves falling on a newly germinated seedbed 
would eliminate this hazard. On the other hand, a sufficient 
number of overhead trees should be maintained to provide partial 
shade on the seedbed, 

(>) Light 

In very dense shade conditions, such as under a 
pure young hemlock stand where daylight intensity falls below 100 
foot candles, hemlock will germinate but may subsequently be 
killed or stumted. Bard (9) and Stearns (59) report excellent 
hemlock regeneration iis obtained in small onenings ( approximately 
S.i acre) created by natural conditions, e.g. windstorm, or 
artificially, e.g. cutting. Lutz (65) reports that hemlock 
will regenerate well on shaded south sides of cut strips in 
Massachusetts. 

2 



ramet 1p 

i DSsBOcW. a \ { WwW ec a whoa zo Uy een 

im stanietls vat adawors Lorem aS a 

sfdavwovntin ots abedbess tege 
‘Ti torn? 4 rte soo (ed) wo ae rida 

sc) eitda and Soolmed 26 mOLIBT 
aida (> * bem (8) 2 SR) - fe 

reve i ,3B809 ei tor (gcrpeckor re Mt, 

fom sotuettooe ok technres Sas AUG 
rt (r2) dave _Leviwue ee casnaobar 9 és 
wns ) Jeaqett Suotsosdsed at C6) tae 
“2 ASD J olom viaees aE S res 6 iertacd 

4 e7TOt J O07 fires .f nue ny) gi kOe: 

desw od, annttbase ane ame etonkee 
akveol S20st of bos ees anes 

madiluest ou3 Dee. oO ind Lowe Soeur) ow 

nefits i fbooe sepoy edd CER 
mrere) tion to sxeval meceth ant) Qi 

we atved dohd-etey od gid ShBomaae 
~—on ey exnkfbeoe mohitger gs 

ram avroctout dae koi ea jeer 
PPAR ise Ties ni aapst reEoe 

ae 

a 

q an Bw rel te Peo bedbaoe A 

| corial i deteas ad: vo olde move 
On fer yoni 7 370ces ats (by. € 

rte ‘por @ go peatife® aevess 20% 

rs rs ory st) ,bapsai ailn3s @ % 

of bivode 294%) Daema 
_bedbase 

bros sbele seated Yrer al 

ttveal evade baete deere 

sorceress Site soo beak ae 
592 bom (2) tom Sse 

saniatde at mrsgaxres 

ofotheoo Lauudac ya basaeme 

> atel ,sretadoo .aae ee 

ica bobatie oo J LOW 82am 

» aa 



In clear cutting operations, if hemlock is to 
be maintained, it should be established in the understory be- 
fore the overstory is removed. 

(c) Cutting Methods 

Clear cutting or makings large openings in mixed 
hemlock-hardwood stands will result in dense reproduction of 
hardwood pioneer species, hardwood sprouts, and the virtual 
exclusion of hemlock. The fact that hemlock does not sprout, as 
opposed to hardwoods, and that large openings dry out the site, 
makes this type of cutting unfavourable to regeneration of hen- 
lock. Studies in Nova Scotia by Martin (71) also show that clear 
cutting followed by Sire is almost certain to eliminate hemlock, 

Most forms of partial cutting will favour re- 
generation of hemlock, provided that a seed source and a suitable 
seedbed (see 6 (a) this report) is oresent. First cutting o% 
the uniform shelterwood system gives good results, as does grou 
selection and strip cuts, particularly if logsing is carried cut 
in the summer so that accidental scari*ication takes vlace (24, 
Ba5eoo, 266, 70). 

Lutz and Cline (66) workings on the Harvard Forest 
report that the ovenings should be at least 40 feet wide in 
Sroup selection cutting. Strips should be oriented in an east- 
west direction since this provides more shade on the south side 
of the strip. Considerable hardwood will vrobably come in on 
the strips along with the hemlock. 

Seed tree cuts leavins from 1 to 10 hemlock seed 
trees per acres have given natural reseneration of hemlock in 
southern New York (/6). Hardwoods come in quite heavily as well 
and if hemlock is wanted, it will be necessary to carry out clean- 
InoS. 

Both Hosley and Ziebarth (50) and Spurr (%7) renort 
that most of the hemlock stands in Massachusetts present today 
originated either from selective cuttinz, which removed the hard- 
wood or white pine overstory, freeing the hemlock understory, 
or developed throuzh persistance in areas which had never been 

cut, 

Logsing slash of hemlock, which will persist ‘for 
up to 15 years, may inter‘ere with the immediate establishment of 
reseneration if it is dense (24) but prebably will have no notice- 
able effect in the ultimate density o* stocking (75). 
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7. EXTERNAL INFLUENCES 

(a) Response to Release 

Hemlock has the ability to survive for many years 
in a suppressed condition and then recover and grow at an ac- 
celerated rate when it is released. Marshall (70) reports the 
vate of erowth after xelease was 5 1/2 times what it had been 
before release. Martin (72) tells of one tree in Algonquin 
Park which took 108 years to grow 3 inches d.b.h. under 
suppression and only 50 additional years to grow 20 inches d.b.h. 
after release. The response to release is influenced by 
stand density. Well stocked stands will have greater accelera- 
tion in growth than poorly stocked stands. Yor a given 
diameter the older the tree when released, the greater its re- 
sponse will be, Sunpressed trees, atter release, generally over- 
take open grown trees (53, 70). 

Results of partial cutting in the Lake States 
show that only the well formed trees are able to respond to re- 
lease. Low vigour trees will probably die when exposed to 
direct sunlight (22). (See 7 (b) this report). 

a Releasing hemlock by soraying competing hardwoods 
with Kuron” and 245 OS:. showed Little damage was done to the 

hemlock by the chemicals, even when spray was applied so heavily 
that it was dripping off the leaves. S»vraying took place in 
August when the new growth of conifers had hardened off. Only 

a few terminal buds did not put out new growth the following 
year (68). 

(b) Exposure 

Hemlock is subject to post-logging death because 

of exposure. This apvlies particularly to Low-vigour trees. In 
his studies in northern Michigan, Graham (43) found the amount of 
increased exposure and the size and shape of the crowns of the 

eee ee ee 

* Kuron - a proviomic acid from 2457 reputec to be more ef ¢ective 

against mavle and oak than the normal acetic acid ‘orm 
Of 2457. 

* 245 0S - 245T plus oil stable emulsifier 

14 
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residuals have a bearing on susceptibility to exposure. Generally, 
trees having heavy crowns of conical shape are able to withstand 
exposure, and those having narrow, ‘lat-tonned crowns are not 
able to withstand exposure. Exposure on Che south and west is 
more likely to cause death than exposuive ‘rom other directions. 
Hemlock is likely to Gie if sunlight falls directly on the trumk 
and exposed roots. 

When cuttings, any groups o hemlock to be left 
should be sheltered esnecially from the south and west by manle or 
other trees that are resistant to exposure. All hemlock with 
short or narrow crowns should either be marked for cutting or, 
i= reserved, Left completely sheltered “rom the south and west 
sides, Most hemlock with crowns at least 25 feet wide and 
occupying 2/3 or more of the total heicht may be exposed without 
much danger of iniury, but if practicable, even these should be 
given some protection “rom the south-west, 

Burnham et al (13) in Pennsylvania and Lutz (65) 
in southern New England recommend release of hemlock seedlings 
or suppressed hemlock from hardwood overstory should be gradual 
in order to minimize damage from exnosute. Observations o* 
cutting operations in the northeastern United States indicate 

that partial cutting or thinning of a hemlock stand should be 
light in order to hold hemlock mortality to a minimum (33, 64). 

(c) Fertilization 

Although hemlock seedlings can survive at a low 
level of nutrition, srowth can be increased several-fold by main- 
taining nutrition at moderate levels. iiaintenance of high levels 
ef nutrition, or the continuance of vertilization and watering 
into the late summer or fall should be avoided because the vlants 
may continue growth too nnate in the season and might not be 
sufficiently hardened o=f before cola weather sets in. Over- 
fertilization of larce ieee increases their susceptibility 
to Rhizoctonia, a root-destroying imeus. Lf the roots are not 
too severely injured, the trees will recover - the soil is 
treated with 8 - hydroxyquinoline sulphate (8&4, 85). 

(d) Insects 

Of more than 20 insects having hemlock as host, 
only the hemlock a Lambdina fiscellaria and the hemLock 

ee eed 

borer, Melansphila - vivoputtata ; are economically important. 
The nemlock looper ee a defoliator which reduces the abumdance 

15 
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o£ hemlock when it becomes prominent. Graham (43) indicates that 
where the upper crown canopy is composed 9° 75% or more of hem- 
lock, extremely dense populations of hemlock loopers develop, 
completely defoliating and killing all hemlock trees. When the 
proportion of hemlock is low, the insects are few and cause 
little or no iniury. Hemlock borers attack the trees when they 
are in a weakened condition, such as from drought. Graham (45) 
States that these insects cannot complete their development in 
healthy trees. 

(e) Disease 

Hemlock is surprisingly “ree from serious diseases, 
Worthy of note are Fomes pini, a trumk rot found in mature trees 
and Armillaria mellea, a Shoestring root “meus, which attacks 
trees when they are in a weakened condition (34, 43, 94). Youns 
seedlings are also subject to damping-of*,. Windshake is common 
in hemlock and the svecies is extremely susceptible to sulphur 
fumes (95). 

(£) Weather 

Hemloci: is seriously atfected by drought conditions. 
Heavy mortality has been recorded particularly on drier sites, 
ridge tops, southern exposures, shallow soils and steep slopes. 
The shallow rooting system of hemloci: makes it more susceptible 
than most other species to drying out o7 the upper soil surface, 
Secrest et al (94) found that during severe drought conditions 
no annual rings are put on in the lcwer portions of the tree al- 
though rings are put on in the upper sortions of the tree. No 
rings are put on for a 2 to 5 year period prior to the death o 
the tree. Lutz and Cline (66) and Stickel (101) report that 
ae dry summers there is a heavy loss 0% seedlings (see also 
3 (ad) and 6 (a) this report). 

Hemlock is able to withstand damage from ice storms 
extremely well (15, a 53, 56, 96). Greater resilience of the 
branches, smaller upper crow, "and branching habits better adapted 
mechanically to resist weight on the crown probably accomt for 
this. 

Winter browning can occur when warm weather alone 
with bright sumshine and drying winds come after the soil is 
frozen. The foliage above snow line to a noint 2 or 3 feet above 

turns brown and decoliation may occur. Stoeckeler and Rudolf 
(103) working from the Lake States Torest Experiment Station re- 
port that recovery from this condition the following summer is 
usually good. Trees with up to 41% defoliation suffered no mort- 

ALLY . 16 
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Frost damage to seedlings is not common but 
occurs occasionally on south facing slopes. Loss from wind- 
fall is not great except iw a wet situation. 

te), BLotic 

Hemlock can be adversely affected by deer, 
porcupines and varying hares. These animals eat the foliage and/ 
or bark of the tree. In addition, red squirrels, chipmunks, and 
some birds eat the seed, Numerous references indicate that hem- 
lock foliage is a preterred food of deez. Maynard et al (73) 
reports that in cold weather (0° F and below) hemlock is eaten 
in greater quantity than in warmer weather. Reports from \Jis- 
consin, Michigan, emnsylvania and Alconquin Park, Ontario state 
that in areas with heavy deer populations, hemlock seedlings 
are browsed close to the ground repeatedly year after year 
that they never have a chance of beconing established (12, 
4é., 54, 100, 105). Brown and Curtis (12) in Wisconsin and 
Graham (45) in Michigan warn that this could result in the 
forest developing into almost pure hardwood with virtually no 
winter cover. Hemlock seedlings have been completely eliminated 
outside exclosures or have been seriously reduced in numbers in 
some areas of the U.S. Usually oniyv the foliage and small twigs 
o£ hemlock are eaten by deer but they have been reported eatine the 
bark of young hemlock trees in some areas of heavy populations 
in Pennsylvania (18). there deer browsing pressure is high, 
seedlings should be protected. Grizes (47) found that 
substantially larger numbers of stems of the commonly browsed 
species were found in slash piles than in intervening ovenings. 
The possibility for deliberately using slash to protect seed- 
lings might be considered, 

‘e) Ss 
a 
S mS "9 

Hemlock is also a preferred winter food of the 
porcupine (11, 23, 102). Much of the “‘eeding is ‘foliage browsing 
ox Larger trees and damaze of this sort is difficult to anpraise. 
Damage can be severe where the Seeding takes the form of enawins 
the bark, sometimes cirdling the tree and killing it. 

Varying hares also browse young hemlock but Ostzam 
(CG) reports that damage is usually considerably less than the 

damaze by deer. 

(h) Fire 

Because o£ its shallow rootine system hemlock is 
pacticularly susceptible to fire in spite of its relatively thick, 

iS? 
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fire resistant bark. Ground fires will destroy all hemlock re- 
generation and a fire following a clear cut will result in 
regeneration of pioneer species. Hven a light fire may 
practically eliminate hemlock. To ensure the continuation of 
hemlock, Zon (109) states that complete fire protection is 
needed, 

S. HEMLOCK MANAGEMENT 

Growing; hemlock in Ontario within its natural 
range should not prove to be a difficult vroblem provided that 
the requirements of the species are recomnized and provided for, 
since hemlock will do better on cool moist conditions than on 
droughty ones, it would be advisable to concentrate management 
on these conditions. To achieve natural segeneration, the 
combination of (1) a seed source, (2) a suitable seedbed and 
(3) adequate Light must be provided. icarification, either 
deliberate or accidental through logeing activity in close 
proximity to standing, seed-bearing trees will provide the first 
two requirements. A nartial openins o= the overhead canopy 
whether uniformly or in patches will sive sufficient Light and 

partial shades a condition best suited to regeneration of 
hemlock. Similar light conditions are desirable if hemlock is 
to be planted. 

When hemlock seedlings become established it is 
possible that competition from hardwood seedlings may become 
severe, necessitating a cleaning to release the hemlock. As the 
overhead canopy closes in and light in the understory is reduced, 
removal of a portion of the ovexstory to release the hemlock 
would be advisable, 

Where heavy deer populations are present planting 
o> hemlock should either be avoided or the youmg seedlings should 
be protected from browsing. Fencing the entire planted area, 
placing screening around individual seedlings, piling loging 
Slash around seedlings,cr using repellants are all vossible 
methods of providing protection. 

Where natural regeneration or advance growth o* 
hemlock is already present in the understory a thinning or release 
cucting of the overstory will hasten the development of the hen- 
lock. Care must be taken, particulariy on dry sites, that the 
overstory is not opened so much as to e:mose the understory hen- 

loci to total direct sunlight. 

16 
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Periodic thinnings as tne stands progress 
through the polewood staze to maturity will insure that 
srowth will be maintained at a high level, Vertilization 
may inerease growth on sites which are deficient of nutrients. 

After crowing out of reach of browsing deer, 
hemlock stands are senerally not atfected seriously by eaiadaes 
On the other hand hemlock stands prov:.de valuable winter cover 
for wildlife. 

As the stand grows to maturity it may provide a 
mumber of useful functions: erosion control on steep slopes or 
shallow soil ridge tops, food and shelter: for wildlife, pleasing 

vistas before achieving its final use as a wood product. 
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by 

=O TILMERMAN, Bioloczist 
Thunder Bay District 

INTRODUCTION 

An understanding of tne basic ecology of Ruffed 
Grouse, (Bonasa umbellus L.) is essential to its management. 
Puffed Grouse habitat has been studied extensively with resvect 
to plant species and olant densities, ixminster (1947). Little 

Z3£ any work has been conducted on one less obvious environmental 

Saectors such as microclimate, 

Ruf*fec Brouse select various covex tynes at 
Peenenent Cimesrol year. Whe ditferences in micrac 

aspects of temperature, wind velocity, and solar ra 
a Significant erfect on cover tyne selection, Denni 
conducted a study on tne selection o¢ cover types by Ru ‘fed 
Grouse in Wellington County, Qntar‘o. Much of the information 
collected during this study will be re‘erread to in the followince 
discussion dealing with grouse and microclimate. 
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1. GENERAL BACKGROUND INFOMATION od ne 

Bump, Darrow, Jdminster and Crissey (1947) devote 
15 pases and 16 Wea ws of investigat:onal work in their ee a 
text, The Ruffed Grouse Life History, sovagation, Management”, 

Tue <ollowing generalities are the only clue given to describe 
tne types of microclimate preferred vy “rouse 

o 

(a) Brood Sover Choice 

Temperature, wind and atmosnheric conditions micnt 

orically be exnected to atfect brood cover choice. There is a 

csendency for grouse broods to ceek the mere onen cover of harcroods 
cduxing cold periods and of conifers dusin™ warm weather. (Cvercvrown 

land tynes and seconc crowth hardwoods were found to be most 
Sreduented when temmerature conditions were colder than normal. 
Youns hardwoods and conisers and conitevs alone were vatronizec 

more on excessively warm days. The dean, often moist, cool 
denths of older patches are also otten “requented, Mature crouse 

aze inclined to be ill at ease on windy days. Youngsters too 
normally move around Less on sueh days. Gzcouse broods preter 
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some type of cover during rainy weather and the more open over- 
exown Slash areas arc less well patronized at this time. The 
net 

reverse tends to occu: curing sumny and cloudy weather. 

(b) Adult Cover Choice 

Birds ave inclined to move into mixed second 
srowth hardwoods and conifers or thic’: conifers, on colder than 

nozmmal days. Conversely, on warmer chan normal days, adult crouse 
tend to move to some o*° the more oven cover tynves deficient o* 
conifers. During windy weather, thick coniferous cover annears 
to be less frequented, ifind normally seems to exert a minor 
in‘luence in grouse cover choice, During snow storms the birds, 

as expected, are most likely to seek out heavy coniferous cover. 
However, no cover is completely shtmned even in snowy weather. 
Rain seems to bother crouse less than snow, Fewer birds =o 
coniferous cover and more seek mixed second srowth and coniter- 
ous stands. 

Ground conditions exercise a greater effect on 
Srouse cover choice than is generally realized. There is con- 
siderable variation in tyne use, dependine on whether the sround 
is dry, wet or snow covered. 

(c) Nesting covers 

Second srowth hardwoods arc vredominantly used as 
soring nesting grounds. The presence o£ considerable summer “ood 
ond the more open chavacter of undersrowti and ground cover in 
cnis type, in contrast with that existins in most overgrown 

lands and slashings, may furnish a clue. 

tle 

Generally grouse choose the warmest sites in winter, 
the warmer roosting sites at night in strmer and the coolest svot 
<0 test during a warm summer day, Himsersord (1951). In Idaho, 
Kiumeerford found sreater importance in cxouse use of various 

mictroclimatic zones than in cover tynes. This is due to the nish 
elevations which range “rom 3,000 to 3,530 feet. Local differen- 
ees in climate are well recognized in sore fields but their e*‘%ects 
on wildlife behaviour have scarcely been suszested. t is Imown 

that there are great ci‘ferences in microclimate between ‘orested 

anda non-forested areas. It is also imown that a ‘forest clearins 
has a different microclimate Grom that o° either the wumbrctken 
Sorest or non-forested land. It may well be, says Hunger ‘orc, 
that the microclimatic ditferences are 9% nrime imnortance !r. 
fakine the edges o° clearings or o° covex tynes so attractive te 
wildlife. In Idaho, because of the mountainous terrain and the 
inversion phenomenon, the ridges offer a warmer habitat in both 

31 
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winter and summer and night and day. 

2. GROUSE AND MICROCLIMATE IN THE S@. LAWRENCE FOREST REGION 

Under suitable snow conditions, grouse tracks and 
roost sites are useful as indicators o¢ the relative use that 
cover types producing different microclimatic conditions receive. 
The study carried on by Dennis (196G) examined microclimatic con- 
ditions in winter and snoring. 

(a) Cover types 

Demis 1966 ) conducted his studies on an area of 
125 hectares. The area was surveyed and a vegetation map vrevared. 
A total of 11 major cover types were established. The Santee 
proportion of the study was conducted on two of these cover tyres 
which are referred to in this paper as (a) and (b). 

Cover tyne (a) Area 3.15 hectares 
Upland Conifer 

i Most common species: 

-2 - 2.5 metres; white cedar, honeysuckle, elder- 
Lg nightshade, red osier, 

2.5 - 6 metres: scotch pine, white pine, white 
spruce, norway spruce 

6 7 metres: scotch pine, white pine, norway 
spruce 

The tree canopy cover in this vredominantly coni- 
ferous stand averazed 50%. Ground cover was moderate to heavy in 

all seasons of the year. Much white cedar regeneration had 
occured, and elderberry and nightshade were present in the more 

epen areas. 

Cover type (b) Area 4.27 hectares 
Bottomland Yecicucus 

ii Most common species: 
ee ee 

25 - 2.5 metres: red osiex, dogwood, choke-cherry 
rasnberry 

2.5 - 6 metres; trembling aspen, white pine, white 
spruce, black cherry 

6-- metres: white elm, white cedar, baisan- 
oy 
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poplar, trembling aspen. 

This bottomland cover tyne was very open with 
only 15% canopy. Ground cover was heavy during the summer but 
more open in winter. 

Thus it can readily be seen that the basic cover 
type is coniferous and deciduous. 

3, MICROCLIMATE CHAPACTERISTICS OF (a) CONITEROUS COVER AND (b) 
DECIDUOUS COVER 

Both Geiger ( 1965 ) and Spurr ( 1957 ) state that 
coniferous cover moderates temperature extremes. Conifers prevent 
a high percentage of solar radiation ‘rom reaching and heating the 
air mass beneath them, thus reducing daily maxima. Geiger goes on 
to say that at nisht a coniferous cover nroduces effects similar 
to those of clouds in an open area. ‘These effects are caused by 
absorption of the radiation from the snow by the crown cover and 
veradiation to the snow surface. ‘This reduces heat loss within 
the stand and results in a higher minimum temperature. Kittridse 

( 1948 ) states that evergreens are more effective in winter in 
reducing maximum and raising minimum ait temveratures. Daily 

temperature extremes are much less in woland conifer cover tynes. 
A bottomland conifer cover usually has lower mean minimum and 
Maximum temperatures than an upland site. Mere the effects of 

topography may be greater than vegetation. 

Dennis ( 1966 ) found that during January, February 
and March, the lowest density conifer stands produced the ereatest 
daily temperature extremes. These are also areas containing a high 
percentage of deciduous cover. Deciduous stands produce more air 
mixing and hence greater daily temperature fluctuations (Geiger 
1965). The effectiveness of a forest canopy in reducing the in- 
tensity of solar radiation increases with increase in (a) percent- 
aze of crown cover (bd) closeness of spacing (c) tolerance of snecies 
and (d) progression of natural succession towards climax ( Kittredge 
LU 

Dennis recorded temperatures in both cover types 
(a) and (b). The hishest mean maximum in both cover tyves occured 
at a height of 3 metres while the lowest mean minimum occured at 
15 centimetres, which approximates srouse height. Sparks and Buell 
{ 1955 ) found a lower minimum at 20 centimetres than at 2 metres 
over snow. This lower minimum at grouse height ( 15 cm. ) may 
be partially due to the fact that snow radiates strongly at night 

and hence temperatuzes are lower neate:: the snow ( Geiger 1965 ). 
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Spurr ( 1957 ) found a similar situation in the Harvard forest. 
Figure I illustrates the mean minimum and maximum temperatures 
recorded under (a) and (b) cover tynes. 

A higher wind velocity occurs in a typical open 
deciduous cover type than in a coniferous cover type. Also 
higher wind velocity means increased dynamic convection resulting 
in a lower temperature near the ground during the day ( Geiger 
1965 ). Both Geiger and Kittredge ( 1940 ) state that as wind 
velocity increases, the percentage venetrating the forest de- 
creases. Velocities in the forest are characteristically low, 
usually ranging from 1 to 2 m.p.h. on the average. Dennis ( 1966 ) 
found that with grouse at least two factors affect wind velocity. 
The first is cover density and the second is that there is a 
dependence on the position of the cover with respect to open areas. 
fn open field alone a forest edge tends to increase wind velocity. 
Dennis recorded wind velocity for 322 svrouse flushes over a two- 
year period. Of these,313 sites had a wind velocity of less than 
1 metre per second. ‘Two flushes were recorded with velocities 
between 1 and 2 metres per second and 2 flushes between 2 and 4 
metres per second. 

Grouse frequently day roost in areas where sola: 
radiation is wmobstructed., Dennis simulated a grouse by building 
a model which could duplicate average internal core temperatures. 
He found that the use of these day roosting areas, may have re- 
duced heat loss on surmy winter days. ‘This reduction is caused by 
reflected solar radiation and insolating qualities of snow warming 
the surface of the bird. The warmed sur‘ace increases the ambient 
temperature and a decreased gradient between core and ambient 
temperature results. The capability of the surrounding air to act 
as a heat sink is recuced thus reducins heat loss by 50% during 
sunny days in late winter. During Avril, Dennis ( 1966 ) recorded 
a heat loss in a 15% canopy onen cover tyne which was 53% less 
than the heat loss in a 95% conifer canopy. 

(a) Cover type variables and °utfed Grouse Utilization 

Utilization of cover tynes by ruffed grouse appear to 
desend on food, shelter and climatic factors within the cover types 
( Dennis 1966 ). 

(b) Winter loafing, feeding and soosting covers 
ee a eo 

~ 

Marshall ( 1965 ) believed that the paramowmt factors 
accecting ruffed srouvse behaviour duzins cold periods involved a 
quest for habitat that would minimize cnersy loss and for foods o% 
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PIG. 1 MEAN MIN. AND MAX, TEMPERATURES RECORDED UNDER 

A--UPLAND CONIFER AND B--BOTTOMLAND HARDWOOD (DENNIS, 1966) 
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high caloric value. Hungerford ( 1951 ) felt that many forms of 
cover were used only because they were situated within the most 
Suitable microclimatic zone. During the day mean maximum temnera- 
tures are higher in a more open canopy cover type. Hence solar 
radiation reduces grouse body heat loss to a greater extent in 
such an area than in a more sheltered cover type. Dennis found 
that solar radiation was able to penetrate the dense choke-cherry 
stands which provided protection from avian predators. 

During the winter most o% the feeding is done on 
trees. Aspen buds are a favourite grouse food at this time of year. 
Marshall ( 1965 ) indicated that flower buds of staminate aspen 
trees were a very rich source of fats and protiens. Cover types 
containing a good supply of mature aspen trees will be heavily 

used by grouse in January and February ( Dennis 1966 ). Grouse 
may also supplement this supply with other foods such as night- 
Shade berries and ash keys. Marshall aiso indicated that juvenile 

male grouse in Minnesota moved a Limited amount dur’ng the winter. 
Movements appeared to have been limited to leaving roost sites to 
feed on aspen buds and returning to day or night roosts, depending 

on the feeding period. For actual roosting the younger conifer 
trees are chosen. Clumms of 3 or move trees from 2 - 6 inches 
DBH comprise a typical roosting site. ‘The roosting perch is 
usually 8 - 10 feet above the ground, Dorney ( 1960 ) fowd 
that lightly crusted snow that grouse cannot penetrate, in cold 
weather can again become "soft" allowing birds to burrow under 
it. Exposure, cloud cover and wind as well as temperature all 
affect the crusting of snow. Above average winter temperatures 
may, therefore, be wmavourable to grouse, 

Snow roosting normally occurs during severe winter 
weather Edminster (1947). True snow roosting occurs when the 
grouse is completely buried. Partial snow roosting may also occur 
in both day and night roosting areas. The following table in vart 
prepared by Dennis ( 1960 ) illustrates that snow roosting in cold 
weather would reduce heat loss when compared to tree roosting. 

As shown in Table I temperature ranges under the 
snow were much reduced from those above. As snow depth increases, 
temperatures under snow will be very close to freezing even 
though the air temperature may be as low as - 33°C (Geiger 1465), 
The effect of snow depth was illustrated by the minima occuring 
during the periods January 3 - February 5, and February 19 to 

February 24. The mean above snow minima differed by only 0.2 °¢ 
( -16.4 and -16.2°C ). During the same period the difference 
between the under snow temperature ( -%.0°C )and the above snow 
temperature ( -16.4 C )} vas - 12.4°G while in the period February 
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19 - 24 the difference was -9.2°C. Granse (1949) feels that 
when snow roosting becomes impossible because of crusting, 

sxouse ‘become subiected to an increased rate o% vredation. 
With hard snow, predators may hunt with sreater intensity 
because the crust provides protection from srouse buffer 
species such as rodents. Snow roosts tend to make grouse 
vulnerable to fox predation, It appears foxes learn to Look 
for breather holes which are always vresent when grouse are 
completely snow covered. Grouse often resort to trees, 
especially conifers for roosting, or when disturbed by a 
predator or intruder 

TABLE I - MEAN MINIMUM AND MAXIMUM TEMPERATURES OBTAINED FRO! 
RECORDING THERMOMETERS - DENNIS (1966) IN COVER 
TYPE (a) UPLAND CONIFER 

LT A A TET RE A ET A A ERR RT EP AR ET EN CN 

Orlow 
Preriod Air temp 15 cm above snow denth Snow temp sunder snow 

bee mean min °C ____mean max... ..cm_ mean min °C mean max. 
Jan. 25 -- 29 -11.6 -4,7 te" -3.9 ~4,7 

Jan. 30.Feb.5 -16.4 “7.8 16 -4,0 wie 

Feb. 6 3 12 2 ree -0O,7/ 1b =a, OL OS] 

a) nD", ims) id eC -12,2 -1,.6 G -4.5 -1,6 

Teb, 19 - 24. -16.2 -7.4 9 -/7.0 -7 4 

(c) Spring drumming, feeding and nesting covers 

In southern Ontario a shift in utilization o* cover 
tynes usually takes place in Late March or early April Mennis 1966). 

At this time male srouse move to their snoring drumming territories 

= a general movement ‘rom wintering habitat occurs. Palmer, 
(1961) found that ground vegetation was less dense and large-shzrub 
ead tree cover more dense in drumming site locations than in 
suxzounding habitat. He believed that a combination of variables 
tather than vegetation density alone, soverned the choice of 
drumming areas. Dennis Sowd that the majority of drumming sites 
occured in cover having the Lowest mean wind velocities and the 
highest minimum temperatures during the sorinz. Al1l drummine sites 

observed were located under at least 60% canopy cover. 

Cpen cover types become bare o% snow first in the spring. 
These areas usually produce the first succulent green 
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plants on which grouse feed extensively. Cover at the edge 
of these open svrins “eeding areas provides shelter and escane 
cover from predators, 

Temale grouse nest and hatch their young during the 
May-June period. Male grouse usually remain on their drummins 
territories during this same time. Dorney ( 1960 ) also found 
that high temperatures in May resulted in above average age 
Yatios and almost even sex ratios in fall. However, a cold 
May resulted in Low production and a loss in adult females. 
High populations are less responsive to favourable May tempera- 
tuxves than low populations. 

(d) Summer brood covers 

Abandoned fields and clear areas adiacent to cover 
provides a source of jnsect food. Hiymenovtera and Coleoptera are 

the more important groups of insects to srouse ( Edminster 1947 ). 
Insects are primary contributors to the ‘ood supply of young 
erouse from hatching time to mid-July. During July and August 
a brushy understory is very useful to broods because it sien 
summer shelter with abundant insect 1i%e close to the groun 
( Bump 1947, Edminster 1954 ). Typical understory may con ae 
o£ shrubs and herbs such as striped maple, choke-cherry, red 
osier, dogwood, jewel weed and various “erns, with sedges in the 
more open areas. This type of cover provides a lower maximun 
temperature to the broods than the more oven cover types. During 
the moulting period (July-August) grouse broods are reluctant to 
flush ( Edminster 1947 ). They tend to move into dense cover to 
avoid flushing. Dusting sites are usually established on ex- 
posed dry mineral soil or on dry rotted wood near old logs and 
stumps. These areas are usually situated in such a position as 

to take full advantagse o* solar radiation. Larsen ( 1958 
found that warm days in spring and summer tend to be associated 
with a high grouse population the following April and warm days 
during winter tend to be associated with a low grouse population 
the following April. 

(e) Fall feeding covers 

Dennis ( 1966 ) found chat curing the September - 
October period, due to the general availability of food and less 
e:creme climatic conditions, grouse tend to distribute themselves 
fairly wiformly in ail types of cover. Duving this period, the 
diet usually consists o7 fruits and lcaves ( Edminster 1947 ). 
birds tend to disperse as the brood structure breaks down in the 

fat .— During Novembe:: and December there tends to be a eeneral 
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regrouping of grouse activity occuring from late fall to February. 
The groups disband when spring territories are established. 

Although the Literature on Puffed Grouse ecolosy 
covers many areas of investigation, the aspect of microclimate 
seems to have been barely scratched, Needless to say more exact 
documentation on the microclimate of preferred cover types is 
badly needed by game managers if this species is to be proverly 
managzed. 
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A SURVEY OF WATERFOWL AND WATERFOJL HUNTING 
ON WALPOLE ISLAND INDIAN RESERVE 

1963 

by 

J.M. COLLINS, Biolosist 

Ontario Waterfowl Research ‘'oundation 

Guelph, Ontario 

INTRODUCTION 

The maior objective of this study was to obtain 
the background information necessary to produce a management 
olan for hunting on the Walpole Island Public Marsh. Walvole 
island Indian Reserve has an area o* some 150 square miles 
Garrineton 1965), which can be divided into three distinct 
areas: the wooded area, primarily at the north end o* the 
island; the cultivated farmland, in the central portion of 
the island; and some 20,000 acres of marshland, at the south 
end of the Island, 

Approximately 15,000 acres o* the wetlands are 
leased to six private hunting clubs. The remaining 5,000 acres 
(che 'Public Marsh’) is not leased, but is managed by the 
Valoole island Indian Band. Public water‘owl shooting is pro- 
vided there for non-Iindians, who pay a “ee for the privilege o% 
hunting, and who must be accompanied by an Indian guide while 
hunting. The Public Marsh is centrally located in the midst o* 
the marshland, adjacent to the six larse leased marshes. 

A major drainage progvarme has been completed in 
the last 10 to 15 years, converting about 5,000 acres of marsh 
into farmland. Yrresently, the farmland ‘is used almost exclusively 
fox srowing corn. <A “ew acres of soybeans are grown annually. 
tne 20,000 acres of marsh which remain undrained lie adjacent 
anc to the south of the reclaimed farmland. Large flocks of 
aueizs feed in the comfields once harvesting is underway. ‘Tiris 

is accepted as the normal practice by the Walpole residents, 

incicating that the -attern has been established for some time. 
several persons did comment that the number of birds ‘feeding in 
tne Sields has increased with the increase in the number o* acres 
o£ corn being grown adiacent to the marsues. Birds in the vast 
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may have fed some distance inland, 07% the Island, but now can 
concentrate on the newly farmed fields on the Island. 

Work was begun in the past ‘ew years to convert 

the Public Marsh to a controlled water-level marsh. Dyking has 
been done by drag-line and the £i11 has been levelled and 

packed to create an access road to the edge of Johnston's Bay. 
As part of the dyking overation, a ditch three to five feet 
deep was dug around the inside perimeter of the marsh, thus 
providing a channel for boat travel. <A ditch running east- 
west was also dug by drag-line, to provide access by boat to 
shooting ponds Located in the middle ox the marsh. 

The dykinz operation is now complete except ‘or a 
section of approximately one and one halt miles along the east 
edge of Goose Lake. itfhen this section is completed, it will be 
possible to control the water level on annroximately 2,500 acres. 

Two small pumps, tractor-driven, pump water ‘Crom 
the Johnston Channel into the marsh. Also, a larger pump, driven 
by automobile engine, has been installed nex st to the marsh, to 
pump water from the farmland into the Joimston Channel. 

ZerveHABLIAT 

The Yuolic Marsh is at present densely oversrown 
with emergent vegetation. There are relatively few areas o% 
epen water. As a result of the low water: Levels on Lake St. 
Clair in the early 1960's, large portions of the marsh bottom 
were exposed, and only shallow water versisted on the remaining 
areas. Tee conditions favoured the erowth of cattails and 
seazes and resulted in the abundant scowth of vegetation that 

now versists over most of the marsh. 

The level of the lake has risen, so that much o£ 
the marsh is now coverec with 18 to 24 inches of water, with three 
te chree and a half “eet of water in the »vonds. There are two 
Gry areas in the marsh--one in the northeast and one in the south- 

t--that support mixed stands of grasses, sedges, goldenrod, 
daisies, and other 'dvy-land' plants. ‘The wet portion of the 
marsn is covered with stands of cattail, eattail-bulrush mixed, 
bulrush, with some nhrasmites (‘quills’) along the dyke edge. 
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3. WATERFOWL POPULATIONS 

(a) Feeding patterns 

The most conspicuous pattern of waterfowl behaviour 
observed was the feeding activities of Larse flocks of dabbling 
ducks, mainly mallards and blacks, with some pintails, in the 
cornfields north and east of the Public Marsh. Throughout Gctober 

and November, large flocks (often totalling in excess of 10,000 
birds) moved to the cornfields from the marshes twice a day -- 
im the early mornings and late afternoon. Rain, wind or fog dis- 
rupted this pattern somewhat. Then the birds moved to and from 
the fields throughout the day. 

The normal weather, flights from the marshes to the 
eormftields began just bexore dawn and continued for about an hour. 
By the end of the hour, birds started leaving the cornfields and 
returning to the marshes. The large *locks left the cornfields 

about two hours after sumrise. In the a‘tternoon, there was no 
"beginning time’ for arrival in the “ields. Rather, the number 
of small flocks moving to the fields increased steadily througn+ 
out the afternoon. Denarture for the marshes after feedinz was 
sporadic until just before sunset. Then numerous flocks 0% 
several hundred birds each left the cormmtields together, breaking 
up into smaller flocks as they approached the marshes. 

A crew rom the Canadian ‘Jildlife Service (usually 
including the author) conducted weekly aerial surveys of the 
waterfowl populations on the Lake St. Claiz marshes, Counts of 

waterfowl were made at mid-day every Sunday throughout the hunting 
season. During these mid-day surveys, ‘ew birds were seen on 
pe Public Marsh. Lavse concentrations of dabbling ducks (mostly 
mallards and blacks) were however, present in Ene sanctuaries o£ 
the oo maysit ge particularly 5t. Anne's Marsh and the 
marsh Leased by Bradley Brothers. 

The majority of the birds seen on these surveys were 
1 the resting or refuse areas, rather than in the feeding sanctu- 

avies. Several marsh managers reported that little of the crain 
SUE Out in the feedings areas was beings eaten, indicating that the 

birds were obtaining sufficient food in the fields to satisfy 

their nutritional requixements. 

The himtins vressure and the progress of the corm 
barvest had a direct e ‘fect in detexminine which fields were 

utilized by the ducks. The first. Stlaelds harvested (by picker and 

sheller) were directly north of the Public Marsh. The 
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birds moved into these fields almost immediately, with the hunters 
(ilalpole Island residents) not far behind. The abundance of 
hunters in the few Sieids yet harvested vroduced intense hunting 
pressure with the result that most of the ducks were frightened 
off. However, the corm harvest proceeded at a rapid rate, each 
day making more fields available for feeding. The ducks and 
hunters, were then disversed over a wider area, hunting pressure 
ccereased, and the number of birds field feeding increased. This 

im turn attracted more iumters into the fields. 

At this time, the com harvest began on St. Anne's 
Island, north of St. Amme's Marsh, Because St. Anne's Island is 
an island, it is inaccessible to most ox the hunters. Consequently 
the ducks quickly shifted to St. Anne's, where they could ‘feed 
with only a little disturbance. By the end of October, thousands 
o*= ducks were feedings each morning in those fields. Heavy feeding 
continued there until most of the dabblers migrated out of the 

area. 
The shift in feeding sites, “rom Walpole to St. 

Ame's Island, and the increased visibility given the ducks by 
removal of most of the corn, drasticaliy decreased the hunting 
Success in the fields. Many hunters lost interest. By November, 
it was possible once again for ducks to ‘eed relatively wm- 
disturbed in many of the fields north of the Public Marsh. 

(b) Flight pattems 

The ducks which fed in the cornfields were mallards 
Dlacks, and some pintails. These are the ducks preferred by the 
hunters, i.e. the paying customers, so the “Lock movements o* 
these ducks is extremely important to iunting success. fYor ex- 
ample, mallards and blacks made up 74% of the kill of all ducks 
by non-Indian hunters, in 1968. 

In the morning the ducks came to the fields from 
every direction but the north. After “eeding, they returned 
to several distinct areas within the marshes, following one 0: 
tiuxee flight lines. in the afternoon, the same three flight 
lines were followed, in the reverse direction, back to the 

_ comelields, However tue flocks aahence to jehe £iteht | tines tess 
than in the morning, small flocks ‘wandering about' on the way 
£9 the fields. After Seeding in the afternoon, the birds 
Gispersed in many directions, toward the marshes, generally 
Z°enoring the flight lines. Flight lines often shifted as a 
result of wind, rain or snow, fog or itmmting pressure in the 
marshes or the cormm‘ieias. 
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The important thing to note concerning these 
flight lines is where they ended. At mid-day, the ducks sought 
out a quiet undisturbed loafing area. Good loafing areas appear- 
ed to be scarce, since most of the ducks could be found concen- 
trated in a few acres. uring the two neriods of field-feeding, 
ducks were not so critical. They o-ten returned to the same 
comield for seveval successive days in spite of moderate hunting 
nressure. This was particularly evident on one portion of St. 
Anne's Island, where the ducks became especially unwary, vrobably 

because of the extremely large flocks “eeding there. In the 
evening, the ducks Pete even Less choosy about finding a restinz 
spot. Apparently ‘any »ort in a storm’ applies as darlmess 

aporoaches. 

(c) Kinds and numbers of waterfowl 
Sn ea oe 

Almost every species o:; water*‘owl found in eastern 
North America can be ound in the Lake St. Clair area at sometime 
im the fall. The fail of 1968 was no exception. The snecies mest 
commonly observed were mallard, blaci:, widseon, canvasback and 
redhead, Because diving (or bay) Garis were virtually imnored by 
most hunters, emphasis throughout this report is on dabbiing 

The weelkly aerial surveys save a grand t © 
142,506 dabbling ducks counted on four i/alnole marshes, between 
Getoper 1 and December 16. ‘The four mavshes were St. Anne's 
larsh, the Smith or Bradley Marsh, the Anderson Marsh, and the 
Vuplic Marsh. The counts for each marsn are given in Table i. 

4, UATERFOUL HUNTIIIG 

(a) Hunting success 

Between October 11 and November S, 1968, it was deter- 
mined, by personally interviewine himters and/or suides, the results 
Bee 2 daily hmts. in 122 hunts, 590 ducks were killed, and 121 
Gucks were shot but not retrieved. ‘nus there were 4.1 ducks 
Dbagzed plus 1 duck Lost per hunter day. By November 1c, 149 daily 
mimts had resulted in 611 ducks killed and retrieved; again, 4.1 
ducks per hunter day. 

To determine the total number of ducks killed in the 
Season, the followint calculations were mace: 

i, The total sale of daily hunting vermits 
was 150. -ermits 

ii, Each daily hunt bagceda 4.1 ducks 
46 
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iii, 1500 daily humts x 4.1 ducks = 6,150 
ducks bagged 

iv. Each hunter with a season permit hunts at 
least 10 times in the season. ( At $150 
per season permit versus S15 per daily 
permit, a purchaser of the season permit 
plans to humt at least 10 times. Some 
likely hunt more than 10 times, a few 
likely hunt less. Ten is a conservative 
figure) 

v. The holder of a season permit shoots the 
same number of ducks ner day (4.1l)as the 
holder of a daily vermit 

vi. There were 43 season permits sold in 1968 
vii. 43 pexmits x 10 hunts per season x 4.1 

ducks per hunt = 1763 ducks 
viii. TOTAL DUCKS BAGGED = 6150 + 1763 = ... 7913 ducks 

TOTAL DUCKS LOST 1500 + 430 = ... 1930 ducks 
9€435 ducks 

i 

yo 

ix..Total number of hunts = 1930 

The total of 9843 ducks killed is to be considered 

a conservative estimate of the total ill for these reasons: 

i. Most hunters were interviewed in the company o£ their 
hunting companions, and/or guide, often as they filled out their 
declaration slips permitting them to export their ducks through 
customs. [t is unlikely that any himters claimed to have shot more 
ducks than they actually did. 

hal A few humters admitted to shooting over the limit of five 

ducks, and giving the extra birds away. It is not know how many 
others did likewise, and did not admit it. The number of addition- 
al ducks killed this way is probably low. Several guides in- 
dicated that they refuse to let their Iwmters shoot additional 
birds because ducks :/6 and #7 could be ducks ‘#1 and {2 for 
tomorrow's hunter. 

Jii. The crinnoling loss (birds shot but not retrieved) is 
probably in excess 0” the one duck per humter day reported. 
Eumters tend to renort ‘ewer ducks Lost than in fact were lost be- 
cause of ‘the wastefulness' asvect of losing ducks. Many of the 
hunters interviewed ‘couldn't remember’ how many ducks they had 
lost. Several gave estimates Lower than their guide later re- 
ported, 

_ Therefore, it may be concluded that the total kill by 
non-indian hunters, on the ee and adjacent corn*ields 
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was in excess of 10,000 ducks. 

How does the hunting success here compare with 
humting success elsewhere? <A success rate of 4,1 ducks per 
hunter day when the bag Limit is 5 is nhnenomenal. It comnvares 
favourably with the success on the neichbouring marshes (approx- 
imately 4.5), and contrasts drastically with success on public 
shooting grounds elsewhere in Southern (ntario (Table II). 

(b) Revenue from hunting 

J Femme fees 

Any non-Indian hunting on the Public Marsh 
must have a Walpole island Hunting “ermit. There are two types 
of permits; a season's permit which costs $150, and a daily 
permit which costs S15, The permit system was introduced about 
1952, with a daily permit only, at a cost of $5 per day. A short 
time later, the season permit, costing 3100 was added and the 

ily fee increased to $10. In 1967, the fees were again increased 
co the present rates, ‘The increase in permit sales, and revenue, 
over the past 10 years is illustrated in Table III. 

ii. Guide fees 

Approximately 15 band members throughout the 
humting season devote their full time to suiding hunters in the 
Public Marsh. In addition, there are 15 to 30 part-time guides 
who are called upon when a regular guide has more hunters coming 
on one day than he can handle. 

The number ot full-time cuides has remained 

relatively constant for the past few years. A gentleman's 
agreement has been e*fective in determining which areas cf the 
marsh are used by which guides, Most of the marsh has been 
divided under this arrancement and any areas remaining unoccupied 

are considerably inferior with regard to hunting success. 

For a person entering the guiding business, a 
fairly substantial initial investment is required for such items 
as; boat(s), motor(s), decoys, waders, and raingear. Also, tools 
and materials must be obtained for building blinds and cutting 
shooting ponds. Time and labour must be spent in constructing 
blinds, and contacts must be made with potential clients. These 
factors plus the absence of more good himting areas have served 
to keep the numbers o* guides relatively constant. 
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TABLE 

ee re eee 

4 

sag 

SALE OF WALPOLE ISLAND HUNTING PERMITS 

tere areas ee nS A IE RR 6 Rr eR nT NEE EN ee 

DAILY PERMITS SEASON PERMITS FEES REVENUE 

1500+ 43 $15,$150 $28,950 

1280 35 nae 24 450 

1306 35 16, 100 16,560 

829 29 i) at 11,690 

963 44 fe a 730 

809 26 noon 10,690 

589 31 net 3.990 

486 5é Re : 10,266 

‘-- total estimated; 1,454 daily permits sold by end November 

from Harrington, 1965 
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The daily fee for guiding services is set by each 
individual guide, and varies somewhat amons the various guides. 

liany of the hunters interviewed had vaid 820 per man per day. 
Usually one guide accompanied two himtevs. Some of the hunters 
considered the guide *ee they paid to be a personal matter, and 
declined to give this information. Cthers indicated that they 
had hired a guide on a seasonal basis, and could not ( or would 
not) estimate the daily rate. None of the hwmters interviewed 
thought the guide fee to be excessive, 

Lacking more precise information than the above, $20 
per man ver day is used as the average guide fee paid in 1965. 
The income to all guides, before operatine exmenses are deducted, 

is estimated as follows: 
1500 daily hunts at $20 ner hunt ..... $30,000 
430 hunts on season permits at $20 .. 8 ,600 
BOTAIOGROSS KREVENUBO SG, «24s eee ee 6 ee 930,600 

iii. Total revenue “rom hunting, 1969 

Pere TGAUES) Aisiiccoce ees § S205 990 
Guide ees BtolletareNel oietele (c 32,600 

$67,550 

(c) Efficiency of the present humting methods 

There appears to be three »ossible methods 
ox conducting the hunt on Walpole Islanc: 

1. Attract a large number of hunters, each vaying 

a large sum of money “or a day's hunt. 
2. Attract a smaller number of hunters, each 

paying a large sum o£ money for a day's hunt. 
3. Attract a large number of hunters, each paying 

a small sum of money “or a day's hunt. 

Method 1 would obviously bsing the greatest financial 
eeturm to the Band. Towever, a duck nunter must receive a duck 
mene worth a lot of dellars to induce him to pay a Lot of dollars. 
such a hunt is carried out in an undisturbed manner, without inter- 
=erence from other himters, and with .an abundance of ducks, and 
ample shooting opportmities., But duck bunting is such that it is 
impossible to have this type of huntins when large numbers of 
humters are using an avea. Therefore, method 1 is not possible. 
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Method i72 is presently being used, and it is 
successfully providing a considerable amount of revenue to the 

Walpole Indian Band. [Its continuation denends on the Public 
Marsh continuing to provide a hunt worth a lot of dollars. If 
the quality of the hunt declines, so will the number of hunters. 
Other hunters, who are less interested in the quality of the 
hunt, will be required to replace tiie lost revenue. These himters 
are rarely prepared to vay much money “or the opportunity to hunt, 
so that large numbers o* hunters are necessary to produce the same 
revenue, Method #3 would then be operating. However, it is 
probably impossible to attract the larze numbers of hunters re- 
quired for method :/3 to be able to cormmete financially with method 
PQe 

For example, in 1968, some 2,000 hunters paid 
$25,950 for permits to hunt on Walpole Island, and $38,600 for guide 
services. This amounts to approximately $35 per man for one day's 
hunt. At $10 per man per day, almost 7,000 customers would have 
been required to provide the same revenue. In a duck season ten 
weeks long, this would mean 700 hunts per week. At $5 per man ver 
day, 1400 hunts per week would have been required, 

The decrease in the hunting success with 700 hints 
per week would be so drastic that it would be most difficult, if 
not impossible, to induce 7000 humters to pay $10 for a day's 
fMumt. it would be especially difficult when waterfowl hunting is 
available elsewhere, on provincially operated units, for $4 per 
blind per day, two men to a blind. Therefore it may be concluded 
that the present method, whereby a moderate number of hunters each 
pay a considerable sum of money to htmt, is the most efficient and 
profitable means of providing revenue to the Band. 

(d) Factors affecting present hunting operations 

Since method #2 is the best method, it is important 
to understand the factors that allow it to operate so successfully. 
The primary factors are: 

i. Hunting success 

ii, Wumber of ducks in immediate area 
iit,, Cost of htmting in the Public Marsh 
iv, Yxroximity of Walpole Island to the Detroit- 

Grosse Pt. - St. Clair Shores complex 
v. biftference in bag limits between Ontario and 

Michigan 
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i. Hunting success: 

The outstanding feature of hunting on Walpole Island is the 
success each hunter has, day in, day out, week in, week out. 
This is what the humters rave about ...... ‘best place in North 
America, can come anytime and shoot a limit’. 

ii, Number of ducks in the immediate area: 

There are tremendous numbers of duciits in the Lake St. Clair 
area in the fall, so that the hunters can be selective as to the 
kinds of ducks they shoot. Of the ducks shot on the Public Marsh, 
58% were mallards, whereas mallards commosed only 28% of the total 
waterfowl kill in Ontario in 1968, The continuing high rate of 
hunting success throughout the fall is due, in a large part, to 
the continued presence of large numbers of ducks until late in 
the season. 

iii. Cost of hunting in the Public Marsh 

The high cost of a day's hunt contributes directly to the success 
of the present system, for several reasons. The cost prohibits 
all but a few individuals from hunting on Walpole Island. Because 
only a few persons can a*ford to hunt, the hunting pressure is 
moderate, and evenly distributed throuchovt the season. With only 
a few people hunting, the pressure on any siven day is low. Most 
o= the hunters, however, return several times in the season, so the 
tetal number of humts is moderately hish and a good revenue is 
orovided. 

Distributing the humting pressure over the entire season helvs 
to Maintain the high level of humting success. This method 
contrasts with the ‘onenine day' syndrome that occurs throughout 
the rest of the province when approximately 75% of the season's 
Kill is taken on the “irst two weekends, and local duck populations 
are often ‘burned out' 

The cost of hunting on Walpole Island includes payment for the 
services of a guide. Tne present guide tees, wnile adding consider- 

ably to the cost of humting, are attractine excellent suides ‘The 
BE eeence of a guide in the pling contributes in a Large way eo the 
hunter's success, and isis subsequent return at a Later date. ine 
sresence of a suide accomplishes what a Long List of rules and 

resulations attemmots to do on government controlled waterfowl 
Baits, and does it in a Seiendly way. The guides are in many ways 
resnonsible for the quality of hunting in the marsh. 
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iv. Proximity of Nalpole Island to the Detroit area: 

With cost playing such an important role in the system, it 
is obvious that the oneration is successful as a business venture 

because it has a wealthy population from which to obtain its 
customers. The 1968 nermit sales showed that 7% of the hunters 
were from Ontario, but 93% of the hunters were American; 747% were 
from Michigan, 12% from Ohio, and 7% from the remaining states. 
Almost all of the Michigan humters came “rom the Detroit-Grosse 
Point - St. Clair Shores area, an hour's easy drive to Walpole 
Island. The avpearance, attitudes, occunation, and home address 
identified the humter as having a substantial income, 

v. Difference in bag limits between Ontario and Michigan: 

Many hunters expressed dissatisfaction with the short season, 
and the low daily limits in effect in liichigan. For example, the 
1965 season ran from Gctober 10 to November &. The daily bag Limit 
was 3 ducks, not more than 1 mallard, 1 black duck, 2 wood ducks, 
1 canvasback or 1 redhead. The increase in the Sale of Walpole 
Island permits is undoubtedly due to the longer season and more 
liberal daily limits in Ontario. The 1968 season opened in south- 
ern Ontario on October 5 and closed on Secember 14. The daily 
bag limit was 5 ducks, not to include more than 2 canvasbacks or 
2 zedheads, or more than 4 wood ducks. 

The bag limits in Michigan are not likely to be increased to 
ae in the foreseeable future. Ontario limits may go down, but 
gill likely remain above the Michi aoa Limits. As long as there are 
Baik hunters in Michigan, they will tend to be drawn to Walpole 
Island. However, it is possible that the baz limits can become 
reduced to the point that hunters will give up hunting, particularly 

i= costs are considered to be unreasonable, 
In summary, the present operation is successful as a business 

venture because it has a wealthy population from which to obtain 
its hunters, and the hunters that come to Walpole Island go home 
Satisfied. The moderate hunting pressure, evenly distributed 
Bee chout the season, an abundance o= ducks , and the high quality 
of hunting resulting largely from the guides’ supervision, produce 

a satisfied hunter, 

(e) Attitudes of the hunters 

In any other part of Ontario, the lack of customers 
able to pay the high cost of hunting would likely cause this tyve 
6= fimting business to fail. It can fail here as well, if the 
customers become dissatisfied and consider the costs unreasonable, 
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steps must be taken therefore, to ensure that hunters are 
satisfied, 

One source of dissatisfaction that now exists, is 
the cost of the Walpole Island permit. Many of the hunters in- 
terviewed considered the $15 fee to be excessive. The degree of 
dissatisfaction varied, however, with the hunting success that the 
hunter had on the day he was interviewed. Fifteen dollars for 

CLE 

five ducks is easier to accept that <itteen dollars for one duck. 

The reluctance to pay the ‘Walpole Island fee 
might be overcome by indicating to the Iwmter what he is receiving 
for his money. The same person who complained that the permit 
fee was excessive usually was satisfied with the guide fee, which 
generally exceeded fifteen dollars. However, the hunter can see 
what he is getting de his guide --- a boat, motor, gasoline, 
decoys, a blind, a ‘private’ pond, and ducks. The return to the 
hunter from his “permit fee is much less obvious. In fact, many 
hunters questioned whether they received anything in return For 
the money spent. 

I consider that the permit fee is each hunter's 
‘rent payment' to retain the marsh as a iwmting marsh. In this 
sense, the Band in 1968 received approximately $30,000 in rental 
money, in exchange for the use of the marsh by the public for duck 
humting. I believe that the rent concent would explain to the 
hunters why there is a “ee, and that it is worth making this idea 
Imown to the hunters, 

A votential source of dissatisfaction, and one that 
has apparently caused vroblems in the past, is having too many 
hunters in the marsh at one time. Too many customers is a problem 
a lot of businesses would like to have, wut in this case, too many 
customers can destroy the product beins sold, and consequently 
produce a lower revenue. Walpole Island is elite a specialized 
neoduct -- top quality hunting -- to a small group of people -- 
tnose prepared to inmt several times in a season, at $35 a day. 

The »resent USO a success of ee hunting busi- 
S s a result 0% attracting ‘repeat customers' In the 196c 

Season, himters holdins daily permits hunted an average GE 12735 
times on Walpole Island. Most hunters have been coming to Walvoke 
for several success:.ve years. The new customers had usually learn- 
ed o- hunting on Yaloole Island by word-of-mouth, or by accompany- 

inz a friend ano had hunted on the Island previously. Thus, losing 
one customer can simniticantly affect the level of revenue 

because his reneat business is lost, as well as that of his himting 
companions 
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During the early 1900's, which were years of 
low water levels on Lake St. Clair, large portions of the marsh 
were dry and unsuitable for duck huntins. The hunters were 
forced to hunt in a sreatly reduced area. The decrease in permit 
sales in 1964 was probably a result of intmters being dissatisfied 
with the quality of the hunting under crowded conditions 

5. ROLE OF THE PRIVATE MARSHES 

If the vrivate marshes of the Lake St. Clair region 
ceased to exist, the larze concentrations of waterfowl there would 
become a Eat of the past. The private marshes are probably best 
described as ‘refuges on which some huntins takes place’. Personal 
interview with marsh managers, and a report by Bryant (1965) in- 
dicate that hunting pressure on the marshes is light. It is 
estimated that in 1968 the total bag “Sor all private marshes in 
the Lake St. Clair area was appro: imately 10,000 birds, commared 
with an estimated bag of 3,000 birds on the Public Marsh. Aerial 
surveys revealed that the private marshes are used as restin™ areas 
by large numbers of migrating waterfowl (Table I). All of the 
private marshes on Walpole Island have “eeding sanctuaries, and 
most have undisturbed retuge areas as well, which attract and hold 
the birds. Thus these large, Lightly hunted marshes act as reser- 
voirs and provide birds for hunting on the adjacent Public Marsh. 

The sporting tradition associated with these 
private clubs, most 9 wisich have a longs history, has given the 
members a strong conservation conscience. The rules regulating 
the hunt are often severe, St. Anne's aesh probably typifies 
the leased marshes on Walpole Island in this respect. St. Anne's 
has two feeding sanctuaries, and two refuges. The maximum number 
of hunters on one day in this 7000 acre marsh is eight, with ‘ive 
the average. The marsh is hunted only four days a week; Tuesday 
afternoon, Wednesday morning, Friday afternoon, and Saturday 
morning. To reduce tie number of crippled ducks, hunters do not 

Shoot at flocks of ducks larger than tive. The total bag runs 
about 1500 ducks ver year. Only 1500 ducks were shot, but 73,500 
dabblers and 108,000 divers were coumted using the marsh this 
past fall. The hunting clubs have in e<fect created waterfowl 
rexuges, and what is amazing is that they are willing to pay a 
considerable amount o% money for the vrivilege of doing so. 

It cost the average hunter of the private marshes on 
Lake St. Clair $57 to bag a duck in 1964 (Bryant 1965). Obviously 
the humter is buying more than a duck, ‘The amount a hunter will 
spend reflects not the value of the marsh, but the value of the 
htmting on that marsh. To attempt an economic comparison of 

56 



o steoy sTaw Holi en Geer Viltee | 

lower apt 20 enok’toe wpa ,xtald 

sow avretmul aT wrrcrtewail af woub 

‘imeor mt seastosb Of) Geese fra oe % 

2 nneth pried Bteinn =e yivest & % 

iol? Line bahar tS hia outsmud. od, 

Pa. 

Mies eG oS 

legs Me ke ‘ 

ivy 

wins eds Se ostereet osavicie ong ee j 

Dit} eubnW oO Bry rin Tron ovr: ora 4: 

odatna Stevia ott= sane aaa a 

ost asl isen, 28 dotdw om, caquis are 

ss vid teoce? & bre _ 8S RE Oe a 

}  aedatac Sao ie o7Tuneatd. Tas F 

ct 2: » {fn vou eed Latod eae dig 

neh OOO Of vietbanhtoteggs Bah aeae 

dus outs to abekd 000 ge sad 

aay ore seiaten Staveoq Ole 

fdst) ei ~setew gatse tyke te 

a cs aptbas:svad) brmteee elogisl) ae 

rip cot aig + aneva agrmey beduygee 

 hetrod watenk ~oamee em 

bn add: on fii mt 03 sbstd, 
r> ’ is 

= 7 

15 petotberd etre Seam 

ast g svad dotiby Socgeeae ae 

np tongs oObqvteg ies ae at 

amt .22. «ereved fog ‘ 

rn lal saloqiav! mm 

ow box, 2of te see 

: A Ww std? fe ds 

fan boymul sl cere edt. 

vebivé .aollecer ae 

» +y~domir od. @ouE 

cad? ‘egval plogh 2OcRE 

ib of vied .280% Seas 

ajmoo eto weer 000,88 

~> ayad Banlo meckstematl © 

49 tela eb onbsan ee 
vf 

my So ro. wesw 9 2ovomiy } 

z 

ie agstrove ond Sa09 ai 

Of we Sout es ed ot Vege 

« sted atom aelwee x 

vey ole to aulev ort 70% @2 

~ in genodte OF setae ee 

i 

ws. . 
~~ 



a 

marshland to cornland, and ducks to corncobs, is to misunder- 
stand hunting values. 

At the time of lease renewal, it is most important 
to consider the '‘'consezvation history' o* the club(s) concerned. 
How much has the club contributed to the value of the hunting on 
that marsh? To the best of the author's Imowledge, the clubs have 
all been good tenants, in spite of the “act that most of the leases 
do not include 'performance' clauses. 

The sugzestion has been made that performance 
clauses should be included in any new leases, to protect the water- 
fowl population from over-hunting, by ensuring the continued good 
behaviour of the lessees, Such clauses would include an upper 
limit to the number of hunter-days allowed on each marsh in a 
season, might possibly set a Limit on the number of ducks killed 
amnually on each marsh, and possibly set down guidelines for 
management of the marshes. In my opinion, such clauses could not 
accomplish their intended purpose, and could have a detrimental 
effect on the waterfowl if the goodwill of the club members is 
lost. It is one thing for the clubs to volwmtarily maintain the 
marshes as ‘refuges', but quite another thing to require them to 
do so. It would be tmrealistic to restrict the clubs to the 
present total kill, considering the money the clubs spend on 
management each year. for the money snent, they are entitied to 
more ducks than they are presently shootins. Therefore, to be 

acceptable to the clubs, the limits would have to be above the 
present total kiil. i the clubs were inclined to shoot to the 

limits, the kill would increase beyond the present level. 

Second, a restriction on the total kill, or the 
humting pressure (in hunter-days) would be almost impossible to 
enforce. Who is going to count the ducks shot and the number o* 
hunters humting? 1% the clubs are e:mected to police themselves, 
why not trust them to manage the resource as they have been 
doing? It is wishful thinking to believe that merely passing a 
by-law will make people Law-abiding, i they haven't been in the 
past. 

Third, any restriction on total kill and hunting 
pressure that is liberal this year might well be harmful five 
years from now. Waterfowl populations can fluctuate drastically 

from one year to the next. For this reason, federal wateriowl 
reculations concerning hunting are set annually, to adjust *or 
these fluctuations in numbers of waterfowl. It would be most 
difticult to insert meaningful limits in a long term lease. 
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Fourth, the proposal to set down guide-lines for 
marsh management assumes a greater lnowledze of management tech- 
niques than actually exists. In fact, many of the local club 
managers know more about marsh management than many waterfowl 
‘experts’. The managers are open-minded with regard to suggestions 
for improving their marshes, provided the suggested techniques 
work. Guide-lines are not really necessary. Unfortunately, tech- 
niques with predictable results have not been developed as yet. 

The final argument against performance clauses is 
the performance of the clubs in the vast, without any o* these 
clauses. It has not been by accident that the clubs have created 
‘refuges with some humting'. The quality of hunting demanded by 
a person paying $57.00 to bag a duck rezulates the hunting be- 
haviour more effectively than by-law ever could. There is of 
course one important, although unwritten, performance clause in 
every marsh lease, even now. When a lease expires, the Band 
Council can refuse to renew the lease if the performance of the 
lessee in the past has not been satisfactory. This is a two-way 
street, however. If umreasonable demands are made of the lessee, 
he may refuse to renew the lease. Such action could make it 
difficult to attract new tenants. Any prospective tenants are 
certain to determine the reason for the lease not being renewed, 
and they are likely to consider unreasonable demands made in the 
past as an indication of the future. 

6G. RECOMMENDATIONS 

The present public himting opneration on Walvole 

Island is efficient and profitable ‘or the Band. Major chances in 
the system are not necessary. However, several steps should be 
taken to ensure that the system continues to be successful. Too 
many hunters in the marsh is likely to become an immediate provlem. 
The number of hunters is now approaching the point where the 
quality of the hunting may begin to decline, 

Additional hunters could be accomodated success ‘ully 
if more of the present marsh were utilized. Right now, the north- 
€ast and south-east sections of the marsh are of little use to ducks 
(and therefore duck bumters), as those sections are high and dvy most 
o: the season, Floodins of the area, by pumping is not feasible, 
PULeEing enough watex on this area to make-it useful, would put too 
much water on the rest o: the marsh. inclosing the area with its 

own dyke is possible but expensive. ‘the additional cost would not 
likely be matched by an equal increase in revenue. 

(thy est solution for making this area useful is to 
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ereate a series of shallow ponds either with a drag-line, or by 
blasting with ammonium nitrate. Extra hunting would result, but 
in addition, pot-holes in a grassy area such as this attract 

nesting ducks, and could help increase production, 

For these ponds to be used for humting, it is im- 
portant that the devti: be controlled. Vonds six feet deen cause 
mroblems when you are wading, and you are only 5' 6" tall. Maxi- 
mum depth should be anproximately 5 ‘eet. 

A second improvement that should be made in the marsh, 
is to establish water-level control, by “inishing the dykins vro- 
ject. This entails running a dyke from Dynamite Cut north alons 
Goose Lake and then commecting to the existing dyke. To minimize 
costs of moving ee the drag-line might be used while it is 
still at the marsh to dis shooting ponds, im the dry areas. 

he new dyke and ditch should be built in such a way 
as to prevent their beine used as a new access route to the marsh, 
Much of the hunting devends on the flight patch which brings the 
ducks over the middle of the marsh, ‘Travel back and forth alons 
Goose Lake could disrupt this pattern. Going one step further the 
road should be closed on the dyke that sums east-west to the Ronmal 
pump. This would remove most of the tza<iec and the resulting 
Gisturbance along the north edge of the marsh. Consideration mizht 
also be given to establishing a ‘no hunting zone' in the corn*ields 
directly north of the marsh, where the ducks could field feed tm- 
disturbed, Farming would proceed as nozmal but no hunting would be 
allowed. Two purposes could be served by such a refuge. First, it 
would provide a 'safe' area on Walpole Island, so that all the birds 
Gould not shift to St. Anne's Island to field feed. The refuge 
would keep birds closer to the Public Marsh, and create another 
Slisht over the marsh as the birds leave the fields, and move to 
the loafing areas. ‘Tiie second purpose would be to move the east- 
west flight line closer to the marsh. Yresently, hunting in the 
fields directly north o° the marsh pushes the east-west flight line 
north, away from the mazsh. A ‘buffer strin' between the marsh and 
the zone of field shooting should ovexcome this problem. 

ne ability to control water-Levels will overcom 
the problem encountered in the past, of the marsh 'shrinking' during 
years ot low lake levels. But equally important, adjusting water- 
leveis in the marsh is one way of chanzing the kinds, and amounts 
Ox vegetation growing in the marsh. ‘Therefore, plans for dyke con- 
struction and pump installation should include the means for getting 

cr 
water off the marsh as well as on. 
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Another suggestion concerning efficient use of 
the marsh, is to create more shooting ponds over the entire marsh, 
not just in the dry parts. More openings would mean that each 
guide could have several ponds. By alternating shooting fron 
pond to pond, no one pond would be shot out. 

While the steps just mentioned should permit more 
hunters to hunt without affecting the quality of hunting, the basic 
problem is merely postnoned. [It is almost certain that some day, 
in the not-too-distant future, there will be too many hunters ‘or 
the Public Marsh, The first, and most urgent step to be taken to 
cope with the problem, is to determine how many are too many. 
This question must be answered soon, ctherwise the answer may be 
learned too late, when hunters do not return, and the revenue has 
declined drastically. 

One very important clue to humter satisfaction is the 

number of times a htmter returns in each season, and the number o: 
humters coming »aci: in successive years. ivhen repeat business 
starts to decline, something is wrons. Consideration should be 
sSiven to designing the records of the sale of hunting permits in 
sucn a way that information about reneat customers can be readily 
ovtained, 

An attempt should also be made to develop a systen 
to measure hunter success, throughout the season as well as ‘rom 
season to season. ‘The declaration “orms, which must be presented 
to customs when duclis ave exported through to the U.S. are one 

potential source o£ this information. Another possibility is to 
desien a hunting permit with a tear-o< portion on which the hunter 
records his daily kill. The records would then be deposited a 
centrally located collecting station, ‘The name of the guide s 
also be included, since the guides could check the truth*ulness 
the records being submitted, 

The causes of a decline in the hunter success “rom the 
nresent high rates should be examined very carefully. I* there is 
any indication that excess hunting vressure is responsible, correct- 
ive stens should be taken immediately. 

There apnear to be several ways of coping with 'too 
many hunters’. One way is to expand nublic hunting into one o 
the marshes presently leased to a private club. To justify t 
move, the increase in income from public hunting will have to at 
least equal the money now received “rom the club including rental 
payments and wages paid to guides. The e:mansion of public hunting 
into one of these Lichtly hunted private marshes could drastically 
upset the waterfowl movements that pxesently make hunting on the 
Yublic Marsh so success%ul. 
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A second possible solution to the crowding problem 
is to make greater use o% the field shooting opportunities. It is 
difficult to predict precisely the areas the ducks will choose 
@ach day for feeding, The resulting all-or-none aspect of field 
shooting appeals to a Sew hunters but most of the Walpnole hunters 
reiect it for that very reason. They want their ducks. There- 
fore, field shootings has only a limited potential as a solution to 
the problen. | 

A third, and probably the most unpopular solution is 
to set a hunter-day quota for the Public Marsh. I expect that 
excess huriting pressure will appear Sixst on the few ‘special' 
days in the season -- opening day (for example, Oct. 5, 1963), 
and Thanksgiving weel:end, if the weather is right. Then most good 
saturdays will be busy. Finally, to escane the crowd on the week- 
end, more ixmters will come in mid-week, The quota system could 
therefore be introduced in stages: 

i.e. no more than X hunters in any one day 
no more than Y hunters in any one week 
no more than Z hunters in a season 

With the number of prospective hunters that are Likely 
to come to Walpole Island in the future, this is to me, the only 
realistic solution. 

The waterfowl resource, wmfortunately, is not Linit- 
less. With the continuing decline in the number of mallards, it 
would be short-sighted to expand the Public Hunting area, and 
double the mallard kill on the Island. A quota on hunters will 
hely to protect the resource, and the quality of the hunting. A 
resource which contributes so greatly to the revenue of the Band 
deserves to be protected. 

There is a resource which, as a potential source of 
revenue, has not yet been utilized. ‘tjith proper management, it 
is possible that Walnvole Island could support a Large natural 
population of pheasants. Evidence is that even now there is a 
Significant population of bob-white quail. Most ot the duck 
hunters interviewed were enthusiastic avout the possibility o% 
uimting pheasants on Walpole Island, ‘the customers are there, 
Good quail hwmtinz would be certain to attract those hunters who 
own bird dogs, since there are few sucn hunting opportunities else- 
where in Ontario, or liichigan. 

It is imperative however, that the hunting be based 
only on natural population. Raising and releasing birds would be 
too expensive to be nro“itable. The quality of hunting released 
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birds is definitely inferior to huntins wild birds. I suggest 
that like duck hunting, the key to success would be in providing 
top quality hunting for the top dollar. 

Pheasant himting offers the advantage of a flexible 
open season, which can be adjusted to suit the Local condit 
it is possible that vneasant hunting could be used to attra 
hunters to the Islanc “or a different seriod of time than the iC- 

weel duck season. it micht then become »orofitable for the Band 
co consider setting um a 'club-house-motel-restaurant' business. 
Ween asked to suggest improvements in the hunting, almost every 
hunter requested 'a nlace to meet other iumters', or 'a place to 
have a drink', or ‘a place to get a socd dinner’, or a 'good motel’. 
These hunters are wealthy. They have money to svend, They snould 
be siven the opportunity to spend move of it on Walpole Island. 
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7 SUMMARY 

The financial success o:; the hunting operation is due 
to the unique situation of the Public Marsh. It is located in a 
maior rest area for migrating waterfowl. It is surrounded by 
‘refuges’ and is only a short distance “rom a large population of 
wealthy sportsmen, An abundance ot ducks is available. The 
quality o: humting is superb. Hunters vealize this and are will- 
ins to pay in proportion to the quality. Loss ot! high quality due 
to cxowding and excess shooting could have a deleterious e*fect 
on <inancial success. Steps to cone with this vroblem should be 
taken before it occuts. 
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